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Objectives: to assess whether shunting during carotid reconstruction affects the release of inflammatory mediators from
the ipsilateral hemisphere.
Materials and methods: a catheter was placed in the ipsilateral jugular bulb during carotid endarterectomy (CEA) in
20 patients. Eight patients with ICBP (internal carotid backpressure) <40 mmHg received a shunt during CEA and 12
patients with ICBP >40 mmHg were operated upon without a shunt. Four patients with a carotid body tumour were
used as controls. Blood was taken from the catheter as well as from the radial artery; before clamping, 5, 15, 30 min after
clamping and 5 min after declamping. The oxygen extraction (AVO2) was calculated. Plasma concentrations of interleukin-
1b (IL-1b), phospholipase A2 (PLA2), thromboxane B2 (TXB2), 6-keto-prostaglandin F1a (6-keto-PGF1a) and prostaglandin
E2 (PGE2) were measured by enzyme-linked immunosorbent assay (ELISA) technique.
Results: all patients had a normal postoperative course except for one patient in the no-shunt group, who suffered a
stroke 1 h later due to occlusion of the endarterectomy site. The AVO2 extraction increased during clamping in patients
operated upon without a shunt (p<0.05). This increase was partly recovered to pre-clamp levels 5 min after reperfusion.
The extraction remained stable in the non-shunted patients and the control group. The increased extraction in the non-
shunted group correlated with increased levels of IL-1b during clamping (p<0.05) and reperfusion (p<0.01). PLA2 also
increased during reperfusion in the non-shunted group (p<0.05). An increased ratio between TXB2 and 6-keto-PGF1a
was noted during clamping (p<0.05) and further increased during reperfusion. The levels of PGE2 remained stable in
both CEA groups. The PLA2 levels, as well as TXB2, 6-keto-PGF1a and PGE2 levels, remained unchanged during the
procedure in the control group.
Conclusions: there is a metabolic response to carotid cross-clamping when no shunt is used. However, the clinical
significance of this is unclear, since there were no intraoperative strokes.
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Introduction that interleukin-1b (IL-1b), arachidonic acid and its
oxidative metabolites (eicosanoids) may be important
mediators of ischaemic injury.5 Vasoconstrictive, pro-Carotid endarterectomy can cause cerebral hypo-
thrombotic, chemoattractant and direct neurotoxicperfusion–ischaemia during and after carotid cross-
action6 thus exacerbate the tissue injury. Exactly howclamping if the collateral circulation is insufficient.
lipid membranes break down is unclear, but it seemsThe extent of hypoperfusion depends on several fac-
to involve phospholipase A2 (PLA2), which plays ators, such as systemic blood pressure, blood oxy-
crucial role in various cellular responses by hydro-genation and collateral channels, both intra- and
lysing membrane phospholipids to release fatty acidsextracranial. The onset of cerebral ischaemia leads to
and lysophospholipids.7 When PLA2 acts upon lipidsa rapid increase in arachidonic acid from membrane
containing arachidonic acid, the resulting freephospholipids. During brain reperfusion, oxidant pro-
arachidonic acid can serve as a substrate for cyclo-cesses increase.1–4 Recent experimental data suggest
oxygenases and lipo-oxygenases. IL-1b is a potent pro-
inflammatory cytokine released by macrophages and
* This study was funded by a research grant from Government also induces gene expression of PLA2. Recent data
Employees Medical Research Fund, Australia and Swedish Medical suggest IL-1b may be an inducer of “membrane
Research Foundation.
rearrangement” which renders plasma membranes† Please address all correspondence to: H. Pa¨rsson, Department of
Surgery, Uppsala University Hospital, 75185 Uppsala, Sweden. more susceptible to PLA2.8
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Table 1. Medical history of patients having carotid endarterectomy Table 2. The degree of carotid stenosis in the ipsi- as well as
contralateral side and indications for surgery in patients havingwith or without a shunt.
carotid endarterectomy with or without a shunt.
No shunt Shunt
(n=12) (n=8) No shunt Shunt
(n=12) (n=8)
Age (years) 70 (64–79) 74 (68–83)
Men 8 5 Stenosis (%)
Ipsilateral 86 (70–99) 82 (70–99)Female 4 3
Smoker 9 5 Contralateral 34 (0–100) 50 (0–100)
Clinical historyHypertension 6 5
Coronary heart disease 5 4 Asymptomatic 3 2
Amaurosis fugax 2 1Diabetes 3 2
Hyperlipidaemia 4 4 TIA 4 3
Stroke (minor) 2 1
Stroke (major) 1 1
Several methods are available to monitor cerebral
perfusion during carotid endarterectomy, their main There was one male and three females, ages 36–59
purpose being to estimate the need for a shunt during years (mean age 49.5 years). All patients scheduled
the period of clamping. The techniques available are for CEA had severe stenosis at the ipsilateral carotid
based on either indirect estimations of cerebral blood bifurcation (>70%) as measured by means of colour-
flow through various haemodynamic measurements, coded duplex ultrasonography (Accusson 128, U.S.A.)
or functional parameters such as EEG.8 More recent and by intra-arterial digital subtraction angiography
techniques involve the use of jugular venous oximetry (DSA) with aortic arch injections and selective in-
and near-infrared spectroscopy, both of which provide jections of both common carotid arteries. The extent
more direct information on cerebral oxygenation.9–14 of the carotid disease as well as symptomatology were
Cerebral metabolism itself is difficult to study, but the comparable in each group (Table 2). The control group
sampling of arterial blood as well as venous blood was also investigated by duplex and DSA; no sign of
from the jugular bulb offers opportunities to measure occlusive disease was noticed in this group. The size
changes in different mediators across the cerebral cir- of the tumour varied from 2–5 cm in diameter (mean
culation. 3 cm).
This study aimed to determine whether shunting
during carotid endarterectomy affected the oxygen-
extraction and local release of PLA2, eicosanoids, as
Surgical technique and monitoringwell as interleukin 1b (IL-1b) from the ipsilateral hemi-
sphere.
The procedures were all carried out under general
anaesthesia using isoflurane in 50% oxygen and main-
taining the endtidal carbon dioxide at 35–40 mmHg.
Intravenous phenylephrine was sometimes used forMaterials and Methods
maintenance of the mean blood pressure during
carotid artery cross-clamping. The heart rate was mon-Patients
itored by electrocardiography and the blood pressure
continuously monitored in the contralateral radialSt Vincent’s Hospital Ethics Committee approved this
study and informed consent was obtained from all artery. The peripheral oxygen saturation was con-
tinuously displayed by pulse oximetry.participating patients. Twenty patients undergoing
unilateral carotid endarterectomy (CEA) were in- Two consultant vascular surgeons performed the
procedures, using standard techniques under loupecluded. All patients in the study group received as-
pirin, but no patients in the control group received magnification. The internal carotid backpressure
(ICBP, stump pressure) was measured by a calibratedany aspirin from 1 week preoperatively. A shunt was
used in eight patients and 12 patients were operated catheter connected to a 21-G needle placed in the
common carotid artery just below the bifurcation. Theupon without a shunt. A shunt was used
if the “stump pressure” (ICBP) was <40 mmHg. Base- common carotid forward-pressure as well as internal
carotid backpressure was measured following clamp-line characteristics were similar in the two groups
(Table 1). ing of the external and the common carotid artery. A
Javid shunt was used in eight patients, when the ICBPThe control group contained four patients with a
benign carotid-body tumour (paraganglioma, CBT). was less than 40 mmHg. A catheter was inserted into
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the superior jugular bulb via the common facial vein and frozen in multiple small aliquots and stored at
and affixed by a suture ligature. This catheter was -70 °C until assayed. At each point, haemodynamic
inserted before dissection and manipulation of the determinations and arterial as well as jugular vein
carotid arteries. Intravenous heparin (5000 IU) was blood gas measurements were performed using stand-
given before carotid clamping in all patients. All ar- ard arterial blood gas syringes and immediately ana-
teriotomies were closed using a fluoropolymer-coated lysed. The oxygen extraction (AVO2 difference) was
polyester patch (FluoropassivÔ, Sulzer-Vascutek, calculated using the formula: D (a-vo2) (in ml/dl)=
U.K.). The mean ischaemic time in the non-shunted 1.36·Hgb·(Sao2-Svo2).
group was 42 (–6) min. No patients in the control Antibodies raised to human recombinant Type II
group received heparin and no cross-clamping of the secretory PLA2 were used in a sandwich enzyme-
common or internal carotid artery was carried out. linked immunosorbent assay (ELISA) to measure
plasma concentration of PLA2. The ELISA was specific
for Type II secretory PLA2 and did not detect pancreatic
(Type I) PLA2. Standard ELISA immunoassay tech-Sampling and analysis
niques and commercially available ELISA kits (Neogen
Corp., MI, U.S.A.) were used for analysis of prosta-Blood samples (10 ml) were anaerobically drawn from
glandin metabolites. Plasma levels of 6-keto-prosta-the jugular catheter and the radial artery catheter into
glandin F1a (6-K-PGF1a) and thromboxane B2 (TXB2),heparin at the following times: immediately before
the stable metabolites of prostacyclin and thromboxanecross-clamp, 5, 15, 30 min after clamping and 5 min
A2, respectively, and prostaglandin E2 (PGE2) wereafter declamping. Corresponding sampling was used
measured. All samples were washed and the pro-in the control group, although no clamping was used
stanoids extracted before assay. The ratio betweenin this group. All samples were immediately cent-
rifuged at 2000 rpm, the supernatant was pipetted off TXB2 and 6-K-PGF1a was also calculated.
Fig. 1. Changes in AVO2 extraction during carotid endarterectomy. Marked increases in extraction were seen after clamping in the non-
shunted group (A). IL-1b significantly increased during ischaemia and further increased during reperfusion in non-shunted patients (B).
PLA2 was slightly elevated in all patients having a CEA before clamping and remained stable until reperfusion, where a significant
increase was demonstrated in patients undergoing CEA without a shunt (C). * p<0.05, ** p<0.01.
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Fig. 2. Plasma 6-keto-PGF1a decreased during clamping in the non-shunted group (A) and increased in the group with a shunt (A). Plasma
TXB2 remained elevated in the non-shunted group and a slight decline was noted in the shunted group (B). The ratio of TXB2 and 6-keto-
PGF1a increased after clamping in patients operated upon without a shunt. This increase was further accentuated during reperfusion (C).
The levels of PGE2 remained stable in both groups during clamping as well as reperfusion (D). * p<0.05, ** p<0.01.
IL-1b was also analysed by means of commercially remained stable in the shunted patients and the control
available ELISA kits (Endogen Inc., MA, U.S.A.). group.
Statistical analysis was performed using the SPSS v As shown in Fig. 1, IL-1b increased significantly
7.0 (SPSS Inc., U.S.A.) statistical package. The nu- from 14.1–0.97 pg/ml to 35.7–5.62 pg/ml during
merical data were expressed as means (–s.e.m.) and ischaemia and increased further during reperfusion in
analysed using repeated-measures analysis of variance the non-shunted group. PLA2 was slightly elevated in
(ANOVA). Post hoc Scheffe´’s tests were used for mul- patients having a CEA before clamping, with baseline
tiple comparisons. values 3.1–0.82 ng/ml (no shunt) vs. 4.2–0.87 (shunt).
This remained stable until reperfusion, where a sig-
nificant increase to 12.2–1.8 ng/ml was demonstrated
in the non-shunted group. The levels of 6-keto-PGF1aResults
decreased over time after clamping, whereas TXB2
remained elevated during the CEA in the group with-All patients had a normal postoperative course, except
out a shunt, as demonstrated in Fig. 2. In patientsfor one patient in the no-shunt group, who suffered
operated upon using a shunt, 6-keto-PGF1a increaseda stroke 1 h after waking up normally. At urgent
and TXB2 declined during the procedures. A gradualreoperation the endarterectomy site had occluded.
increase from 3.1–0.50 to 5.4–0.70 of the ratio be-A shunt was used in eight patients (ICBP 32.8–3.72),
tween TXB2 and 6-keto-PGF1a was noted during thewith twelve patients operated upon without a shunt
clamping period in the non-shunted group. This in-(ICBP 47.9–6.91). The changes in cerebral oxygen
crease was further accentuated during reperfusion andextraction during the procedure are demonstrated in
was due to reduced levels of 6-keto-PGF1a as well asFig. 1. A significant increase was noticed in patients
maintained high TXB2 levels. The levels of PGE2 wereoperated upon without a shunt, as compared to shun-
stable during the CEA in all groups and no statisticalted patients. This increase was partly recovered to pre-
clamp levels 5 min after reperfusion. The extraction significance was noticed between the two CEA groups.
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The PLA2 levels, as well as TXB2, 6-keto-PGF1a and lysophospholipids.7 These products may either act as
intracellular messengers or be further metabolised intoPGE2 levels, remained stable during the procedure in
the control group. pro-inflammatory lipid mediators including eico-
sanoids.17 Lipid peroxidation following transient
cerebral hypoperfusion in patients during CEA has
been described by Soong et al.4 Their results are further
Discussion supported by the evidence of consumption of anti-
oxidants during ischaemia and reperfusion in patients
Measuring jugular venous saturation by intermittent having a CEA.3 The source of the increased plasma
sampling has been previously used to assess cerebral PLA2 activity was not established in our study but,
perfusion.14 Recently, this principle has gained new from other studies, neutrophils as well as endothelial
interest through introduction of continuous jugular cells probably contribute.7 Neutrophil activation has
venous oximetry, which provides real-time meas- been demonstrated during CEA where carotid cross-
urements.12,13 The vascular space in cerebral tissue is clamping was suggested to prime neutrophils in
normally apportioned into 25% arterial or capillary cerebral venous blood.18 Increased plasma levels of
and 75% venous blood, which means that the AVO2 PLA2 have been demonstrated in patients with sepsis
differences tend to reflect hemispheric extraction from syndrome,19 after open-heart surgery20 and in rheum-
cerebral tissue rather than focal disturbances in the atic synovitis,21 which demonstrates a clear role for
capillary microcirculation. Most of the blood draining human secretory type II PLA2 in cellular toxicity.
the jugular bulb comes from the ipsilateral hemisphere, It is likely that PLA2 acts in concert with other
but the venous effluent also communicates with the mediators and augments cytotoxic events. Cleavage
contralateral side through the sigmoid sinus.15 The of arachidonic acid from the phospholipid membrane
jugular venous blood is thus, to a variable extent, bi-layer occurs in the presence of PLA2. Free
mixed from both hemispheres. Nevertheless, a steady arachidonic acid can then be metabolised by either
state is reached and changes in the AVO2 difference cyclo-oxygenase to eicosanoid by-products such as
should be proportional to ipsilateral intracerebral oxy- thromboxane. These by-products might induce a direct
gen saturation. The consistency in which the AVO2 neurotoxic effect, vasogenic oedema, thrombosis and
differences followed clamping and declamping during also vasospasm.7 Most of these events could be par-
the CEA without a shunt, in our results as well as in ticularly important in the early reperfusion, as oxygen
other studies, supports this theory. It is important, is mandatory for cyclo-oxygenase activity. A major
however, not to focus on a single measurement but interest has also focused on the role of thromboxane
rather to follow the dynamic course when AVO2 dif- and prostacyclin in hypoperfusion and ischaemia.1,2
ference is used for cerebral monitoring. The AVO2 Thromboxane is a powerful vasoconstrictor and plate-
difference remained stable during the clamping pro- let aggregant, whereas prostacyclin has strong op-
cedure in all our patients, presumably reflecting posing effects. It is important not only to focus on the
compensation by autoregulation of cerebral blood absolute concentrations of each eicosanoid, but also to
flow. All patients in the non-shunted group recovered calculate the concentration ratio between the two, as
normally, implying tolerance to a period of relative suggested by Huttemeier et al.1 Our results show an
cerebral hypoperfusion. The resultant fall in AVO2 increased ratio between the two, mainly because of
after reperfusion indicates decreased cerebral oxygen- reduced levels of 6-keto-PGF1a and, to a lesser extent,
extraction and possible hyperperfusion during the ini- by increased levels of TXB2, thus favouring hypo-
tial phase of reperfusion. perfusion. PGE2 is also synthesised from arachidonic
The results of this study identify an increased release acid through the cyclo-oxygenase pathway, is derived
of IL-1b as well as increased generation of eicosanoid from prostaglandin H2, and the main effect is that by
metabolites during CEA without a shunt. Eicosanoid vasodilatation. The levels remained relatively stable
production has been implicated in the pathogenesis during the CEA in both groups.
of cerebral ischaemia by promoting injury to par- Cytokines can have various functions during
enchymal tissue.1,2,16 The exact mechanism is still un- cerebral ischaemia: they can attract leukocytes and
known, but severe ischaemia results in cellular lysis thus promote the inflammatory response in damaged
and release of free fatty acids (e.g. arachidonic acid) cerebral tissue facilitating thrombogenesis. IL-1 is over-
from the phospholipid membrane. This is particularly expressed during experimental brain ischaemia and
important in the brain, because of its high lipid content. intraventricular injection seems to further increase
PLA2, a calcium-dependent enzyme, hydrolyses mem- brain infarction following ischaemia.6 Attempts to de-
tect IL-1 in peripheral blood of stroke patients havebrane phospholipids, yielding free fatty acids and
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